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MYOCARDIAL INFARCTION (Ml) 
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wf c ause sudden cardiac death'' within a few hours. 
fifty of these sudden deaths are attributable to is- 
Jfettiia-provoked ventricular arrhythmias, 
jo EPIDEMIOLOGY. Because of the dominating impor- 
|nce of coronary atherosclerosis in its pathogenesis, the 
pdemiology of MI is the epidemiology of atheroscle- 
rosis (p. 506). The striking geographic differences and 
Hie 'declining frequency in the United States and else- 
llhtere in the mortality from ischemic heart disease, 
liscussed earlier (p. 552), of necessity apply to MI, the 
principal cause of death from IHD. Whites are affected 
fiiore often than blacks in the U.S., but for unknown 
Masons blacks tend to die of MI at an earlier age. The 
incidence of fatal Ml progressively rises with age to 
peak in the 55- to 64-year-old group in males and in the 
gi^hth decade in females. Approximately 90% of all 
Male deaths occur between the ages of 35 and 64. MI 
^ay occur in the very elderly, however, as well as in 
|[gunger individuals, even in the third decade of life, 
particularly when such predispositions to atherosclerosis 
Ssc hypertension, diabetes mellitus, familial hypercho- 
lesterolemia, and other causes of hyperlipoproteinemia 
are present. Virtually throughout life, males are at 
^^^ignificantly greater risk than females, the differential 
^progressively declining with advancing age. In the dec- 
r t:>ade from 35 to 44 years, the death rate for white men 
fr^is six times that for white women. In the next decade 
:;v\|j[5 to 54 years) there is a four- to fivefold difference, 
^S^hich falls to a twofold difference at ages 65 to 74. 22 
'^Except for those having some predisposing atherogenic 
%fJgpndition, women are remarkably protected against Ml 
(^during reproductive life. However, there is now sub- 
4Ki|stantial evidence that the use of oral contraceptives, as 
i reformulated in the past, increases the risk of MI. The 
^general data were presented on page 447. Up to the 
-^time of the studies, users who are 35 to 49 years of age 
v^Shave about a three- to fourfold greater risk than non- 
users, and this increased risk does not appear to be 
^frelated to duration of use. 23 For past users 40 to 49 
/ij|years of age, the magnitude of the increased risk is 
: ^related to duration of use. With less than five years of 
; 3past use there is no persistent increased risk, but with 
?*'}long-term past use (five years or more) the risk is 
-"■increased^ about twofold. In addition, oral contraceptives 
lhave been found to multiply the effects of other risk 
-factors for MI such as cigarette smoking, which alone 
increases the risk 10- to 20-fold among young women. 24, 25 
A recent report emphasizes that the risk of contracep- 
tives may well have been exaggerated Because of the 
difficulty in segregating their effects from other concur- 
rent risk factors. 26 Cigarette smoking has a comparable 
effect among men. 27 

A number of other variables influence the risk and, 
therefore, the epidemiology of MI, but all must be 
categorized as somewhat controversial. Principal among 
these are personality structure, regular exercise, and 
alcohol consumption. A number of studies have claimed 
that so-called type A individuals — hard-driving, impa- 
tient, competitive, compulsive — are coronary prone. 
However, a recent panel concluded that the findings to 



date, although strongly suggestive, are not conclusive. 25 
Equally uncertain is the value of exercise in the preven- 
tion of coronary heart disease and, in particular, MI. 29 
Several reports contend that exercise conditioning, 
when regularly employed, reduces the rate of fatal heart 
attacks. 30 These epidemiologic studies have been but- 
tressed by the demonstration that moderate condition- 
ing exercise of monkeys on an atherogenic diet reduces 
the severity of coronary atherosclerosis. Whether the 
physical activity in humans acts in a similar fashion or 
instead increases the capacity of the coronary arterial 
supply or its anastomoses is still uncertain. It is relevant 
that the level of high-density lipoprotein (HDL) is 
increased with exercise, which, as discussed on page 
514, is inversely correlated with atherogenesis. Physical 
conditioning may also augment the fibrinolytic response 
and thereby provide a potential protective mechanism 
against the development of thrombi within coronary 
arteries. 31 So it well may be that the joggers shall inherit 
the earth. Moderate alcohol consumption, which is also 
associated with increased HDL levels, has likewise been 
accorded a protective role. Attractive as this last notion 
may be to sedentary authors, the putative beneficial 
effect of moderate alcohol consumption is far from 
proven. 

PATHOGENESIS. Consideration of the pathogenesis 
of MI involves analysis of the sequence of events leading 
to the critical imbalance between the myocardial per- 
fusion and demands. It has already been pointed out 
(p. 552) that severe acute ischemic episodes may have 
one of four consequences: (1) angina pectoris, (2) a 
subendocardial infarct, (3) a transmural infarct, or (4)- 
sudden death. The first of these has already been 
discussed (p. 555). The remaining three require separate 
consideration since they have somewhat different 
origins. 

There is general agreement that subendocardial 
infarction is the consequence of global myocardial hy- 
poperfusion secondary to severe stenosing atheroscle- 
rosis of at least two, and more often all three, major 
coronary trunks. 32 There is further agreement that an 
occlusive thrombus is present in less than 10 to 20% of 
cases (some say rarely). 14, 33 You may recall that the 
subendocardial region of the myocardium works harder 
and is less well perfused than the outer layers (p. 553). 
It is proposed, therefore, that with severe stenosing bi- 
or tri-vessel disease, a state of chronic marginal blood 
flow exists. Further reduction in flow, as might occur 
with episodes of congestive heart failure, hypotension, 
cardiac arrhythmia, or any increase in myocardial de- 
mand from exercise or disease-induced tachycardia, 
would then tip the balance to induce irreversible dam- 
age. The extent of the subendocardial necrosis about 
the ventricular circumference would depend on the 
severity of narrowing of each of the major coronary 
trunks. Thus, if one vessel were relatively free of 
disease, the subendocardial necrosis might not encircle 
the ventricle. 

The pathogenesis of transmural MI is much more 
controversial. The basic question is the precise nature 



558 THE HEART 

of the trigger event leading to the critical ischemic 
imbalance. Two views are equally ardently proposed. 
The classic view holds that the dominatihg cause of 
acute Ml is thrombotic occlusion of a coronary artery 
Progressive atherosclerosis presumably leads in time to 
rupture or ulceration of an atheroma or an intraplaque 
hemorrhage as the trigger events inducing the throm- 
bosis. More recently, the possibility has been raised 
that thrombosis is not necessary for infarction. Con- 
ceivably, vasospasm or other mechanisms (detailed later) 
might cause the infarct and possibly be followed by 
thrombosis or the vasospasm might initiate thrombosis 
there is, however, agreement that in at least 90% of 
cases there is severe multivessel stenosing atheroscle- 
rosis with at least one, usually several, narrowings 
greater than 75% of the lumen." Moreover, there ! 
general agreement that infrequently increased myocar- 
dial demand or hypotension in the presence of severely 
narrowed coronary arteries may induce an acute infarct 
even in the absence of thrombosis. But what transpires 
with most transmural infarcts? 

In support of the classic view, many studies docu- 
ment thrombosis in 80 to 95% of acute myocardial 
infarcts 'overlying a stenosing complicated atheromatous 
plaque"- *• » Moreover, the thrombus is located at a 
site and m the vessel appropriate for the area of ischemic 
necrosis suggesting cause and effect.' Further support 
comes from a coronary angiographic study of patients 
within four hours of the onset of an apparent MI. 37 A 
totally occluded coronary artery was found in 87% and 
proved to be caused by a thrombus in the great majority. 
When angiography could not be performed until 12 to 
24 hours after the onset of symptoms, a total occlusion 
was found ,n only 65% of patients. This decreased 
frequency could imply lysis or disruption of a preexisting 
thrombus or, alternatively, release of vasospasm at the 
site of a thrombus, relieving the total occlusion. 37 These 
observations in living patients buttress the contention 
that thrombosis is usually the critical event in the 
production of a transmural infarct. 

Arguments however, have been presented against 
the critical role of thrombosis in the pathogenesis of 
ML Many studies report finding thrombi in less than 

SsfefftZn V 3 " ° n,y ab ° Ut ™ %) ° f acute in- 
farcts.. If thrombosis is not requisite for the initiation 

of an acute transmural infarct, what is the trigger event 

inducing the necrosis? Only some plausible scenarios 

can be suggested. Vasospasm .might be a mechanism 

S^l, 0 /* in f C d * C L USsi0n of an S ina Pectoris (p.' 
555).^ MI has been observed,in relatively young 
males with no angiographically demonstrable coronary 
artery disease— not even stenoses. 43 - « Infarcts have 
developed during or immediately following coronary 
angiography in. locations appropriate for the segmental 

ovT P ;T 0 K SerVed during the a °giography.« More- 
over, thrombosis ,s sometimes found later at postmor- 
tem examination at the site of the spasm. Surprisingly 
even atherosclerotic vessels may further narrow under 
the influence of vasospasm. There is, in addition, evi- 
dence that platelet activation and the release of vaso- 



constrictor substances such as thromboxane A 
possibly serotonin may contribute to the vasosoas 
Platelet activation might also result in microthro. 
which in the aggregate, could significantly reduce 
onary flow.- The following sequence of events can- 
be proposed An episode of vasospasm known tc 
transient and unpredictable from the studu of m 
patients with Prinzmetal's angina causes a critical 
ductton in coronary flow or damages a large athero 
exposing collagen and activating platelets. Platelet 
gregatwn may reduce myocardial perfusion or 
release of vasoconstrictors (e.g., thromboxane' A,) f, 
the activated platelets might worsen vasospasm Bu . 
oj these pathways an infarct results and, with or with 
a superimposed arrhythmia, reduces coronaru ve, 
sion potentiating the formation of a thrombus, logic, 
at the site of vasospasm or possibly at a critical steno. 

As pointed out earlier, sudden cardiac death CSC 
may follow any form of IHD, but study of these patie 

S f ™ J 6 . ght ° n the possible Pedogenesis of ac, 
MI. The deaths are attributable to the sudden onset 
some fata arrhythmia, usually ventricular fibrillati, 
Presumably some acute ischemic event precipitated t 
arrhythmia in a heart already having precarious elect 
cal instability. A study of 923 individuals who we 
unconscious and pulseless when medical assistance ; 
n ved revealed that most of the victims were in ventr 
ular fibrillation or asystole." 8 Fewer than 50% of t 
patients (some say as few as 13 to 28%) who a 
resuscitated after virtual SCD later have detectab 
acute MI.- But even when an infarct is later found tl 
question arises, did it initiate the arrhythmia, or was 
precpitated by it? The frequency of acute thrombi 
individuals who were temporarily rescued is related 
duration of survival following the onset of symptom 
and ranges from 10% to about 50% of cases. 50 Despil 
the usua absence of a major thrombotic occlusion, the! 
frequently are platelet aggregates and microthrombi i 
the intramural coronary branches. 51 Moreover, in ove 
W% oj cases there is extensive coronary atheroscleros, 
m at least one, and sometimes all three, coronaru trunh 
more severe on the average than in controls. In addition 
about one-half of the patients have evidence of an ol. 
MI. Ij therefore is now believed that most SCDs occu 
m individuals having severe coronary atherosclerosis 
often an old MI but only infrequently an acute MI 
Significantly, most have no acute major coronary occlu 
sion, but instead platelet-fibrin microthrombi. Thus i 
appears that SCD, related to an arrhythmia, is cau'sec 
by some acute ischemic event that is not necessarih 
init.ated by a thrombotic occlusion of a major coronar) 
vessel. It is possible, therefore, that a similar process, 
more severe or more prolonged, might lead to an acute 

We can go no further in unraveling the precise 
sequence of events. Although in all likelihood coronary 
thrombosis is the major cause, it seems best to consider 
an acute transmural MI a multifactorial disorder related 
to influences acting singly or in combination that in- 
crease myocardial demand or decrease coronary per- 
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mural infarct, and may then pursue the same evolving 
sequence of macroscopic and microscopic changes de- 
scribed for the transmural lesion. 

Following the description of the transmural infarct and 
the subendocardial infarct, it is necessary to point out that, 
on occasion, both patterns are found in a heart. Typically, 
subendocardial infarction is present, involving a fairly large 
segment of the circumference with transmural extension in 
a more localized area. There is no way of ascertaining 
whether the transmural involvement followed on the heels 
of the subendocardial infarction, since both lesions often 
appear to be at the same stage of evolution. However, the 
possibility of a temporal sequence separated by a brief 
interval of time cannot be excluded. In some dogs, ligation 
of a coronary artery for 40 minutes produces subendocardial 
necrosis at first, but with increasing duration of coronary 
occlusion, the infarct tends to become transmural — referred 
to as the "wavefront phenomenon." 69 It is possible, there- 
fore, that transmural infarcts begin with subendocardial ne- 
crosis that extends in some instances, depending on the 
severity and duration of the ischemia. 

CLINICAL COURSE. The clinical diagnosis of acute 
MI is mainly based on three sets of data: (1) symptoms, 
(2) electrocardiographic (ECG) changes, and (3) eleva- 
tions of specific serum enzymes, although other diag- 
nostic modalities are available, e.g., radioisotope scan- 
ning. Typically, the onset is sudden and devastating 
with severe, constricting, crushing, burning, substernal 
or precordial pain that often radiates to the left shoulder, 
arm, or jaw. It is often accompanied by sweating, 
nausea, vomiting, or breathlessness. Occasionally, the 
clinical manifestations are much less specific and consist 
of burning substernal or epigastric discomfort that is 
interpreted as "indigestion" or "heartburn." In about 
one-third of patients the onset is entirely asymptomatic 
and the disease is only discovered later by routine ECG 
changes. 

The ECG changes usually become evident from 
the outset of the attack, although they may be nondi- 
agnostic in 20 to 25% of patients, depending on the 
location of the infarct, its size, and the number of ECG 
leads examined. The precise changes that may be en- 
countered are too complex to be discussed here in 
detail, but basically they consist of new Q waves asso- 
ciated with evolving ST-segment and T-wave changes 
in transmural infarction, or only ST-segment and T- 
wave changes in the subendocardial infarct. As the 
infarct evolves, the ST segment normalizes and the T 
waves invert. A variety of arrhythmias, also may be 
present, as will soon be pointed out. These may be 
present from the outset or appear in the course of the 
next few hours. ^ 

Alterations of serum enzymes are more sensitive 
and reliable indicators of myocardial infarction than 
ECG changes. Serum glutamic-oxaloacetic transaminase 
(SGOT), lactic dehydrogenase (LDH), and creatine ki- 
nase (CK) levels are generally elevated following an 
infarct. All are soluble cytoplasmic enzymes that leak 
out of damaged myocardial cells. However, the diag- 
nostic specificity of these enzymes is compromised 
because increased levels may be observed with noncar- 



diac lesions, e.g., elevations of SGOT with pulmonarv 
infarction and of LDH with hepatic necrosis. Much 
greater specificity can be achieved with the use 0 f 
particular isoenzymes. There are five isoenzymes of 
LDH, identified as 1 through 5. In the normal individual 
the serum levels of LDH, are lower than those of LDH 
A reversal of this ratio is usually apparent about 12 
hours after the onset of an MI, and peaks in 48 to 72 
hours. This reversal has been found to be about 90% 
sensitive and 95% specific for acute MI, and moreover 
it may persist for up to six days and can thus be useful 
in instances of recent post infarction. However, false- 
positive results may be encountered from in vivo and 
in vitro hemolysis or renal cortical necrosis. The most 
specific indicator of myocardial necrosis is elevation of 
the MB isoenzyme of CK. 70 This isoenzyme is found in 
significant concentrations only in heart muscle; nor- 
mally, it cannot be detected in the serum or is present 
in minute amounts. Thus, significant elevations are 
variously reported in 85 to 95% of patients following an 
acute MI when samples are taken at the appropriate 
time. The mean appearance time of this isoenzyme is 
about seven hours post infarction (peak levels occur at 
about 19 hours) and it is eliminated in about 48 hours. 
The level of the elevation has been used as a parameter 
of the size of the infarct. With all enzyme determina- 
tions, the analytic techniques and time of sampling are 
critical. 

Radioisotope scanning techniques have added an- 
other approach to the diagnosis of myocardial infarction. 
Although only used in special instances, they provide a 
method of mapping the infarct and therefore estimating 
its size. Most widely used are technetium 99 " 1 , pyrophos- 
phate, and thallium-201. Technetium-labeled pyrophos- 
phate apparently binds to the calcium phosphate in the 
matrix densities accumulating in the mitochondria of 
irreversibly damaged myocardial cells. Thallium, on the 
other hand, distributes in the heart in proportion to the 
myocardial perfusion. Thus, highest concentrations ap- 
pear in normal myocardium while the infarct remains 
"cold." Both of these scintigraphic techniques yield 
false-positive and false-negative results and are consid- 
erably less widely used than isoenzyme determinations. 
Nonetheless, a totally normal scan is strong evidence 
against the diagnosis of acute MI. 

After the onset of an acute ischemic event, one of 
several pathways may be followed. Regrettably, one is 
very brief and marked by SCD (25% of patients), 71 
Indeed, SCD accounts for about 70% of all deaths caused 
by IHD. However, mobile coronary care units and 
effective resuscitation teams now "rescue" manv of these 
victims. If the patient develops an acute MI and reaches 
the hospital, the spectrum can be presented as follows:* 

1. Uncomplicated cases (10 to 20%). 

2. Complicated cases (80 to 90%). 

A. Cardiac arrhythmias including conduction defects 
(90%). 
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♦Modified from Yu, P. N.: The acute phase of myocardial 
infarction. Cardiovasc. Clin. 7:45, 1975. 
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B- Left ventricular congestive failure with mild-to- 
severe pulmonary edema (60%). 

r Cardiogenic shock (10 to 15%). 

Rupture of free wall, septum, papillary muscle (1 

to 5%). . . 

p thromboembolism (15 to 20%). 
Cardiac arrhythmias may appear at once and un- 
, n htedlv are responsible for many sudden deaths. 
Ofte they take the form of heart block, sinus bradycar- 
S sinus tachycardia, ventricular tachycardia or ven- 
tricular premature contractions. Ventricular fibrillation 
rthe most lethal, but prompt intervention by mobile 
L hospital coronary care units has succeeded in con- 
trolling this form of arrhythmia in about one patient in 
five 

The next most important clinical problem in terms 
of both survival and frequency is left ventricular dys- 
Lction which varies from little or no contractile 
^competence to severe "pump failure '-cardiogenic 
shock Most often there is some degree of left ventricular 
failure with hypotension, pulmonary vascular congestion 
and transudation into the interstitial pulmonary spaces. 
This mild failure may be transient, but in others it 
nrogresses to a serious threat when intra-alveolar pul- 
monary edema causes marked respiratory embarrass- 
ment and even cyanosis. The most severe extreme 
degree of "pump failure" usually becomes manliest 
when more than 40% of the left ventricle is infarcted. 
This is marked by a profound drop in cardiac output 
and blood pressure and the development of cardiogenic 
shock Despite all heroic efforts to improve and sustain 
the circulation in these patients, the mortality rate is 

near 80%. , . t 

Were these hazards not enough, patients still con- 
front the risk of myocardial rupture and mural throm- 
bosis with peripheral embolization (Fig. W-ll). As 
pointed out, rupture, may occur through the left ven- 
tricular free wall to produce massive hemopericardium 
' cardiac tamponade, and sudden death.. Rupture through 

• the interventricular septum may yield grave pulmonary 
.. consequences. Rupture of the papillary muscle and 

' valvular dysfunction is another mechanism for severe 
congestive failure or cardiogenic shock. The prevention 
of peripheral embolism by anticoagulation is usually 
instituted but incurs the risk of bleeding (hemopericar- 
dium, hematemesis, hematuria). . . . 

It is difficult to express a prognosis for acute Ml 
because of many modifying influences, e.g., age of 
. patient, previous cardiovascular status, size and site of 
infarct, and manner of treatment. 72 - 73 Onjy some gen- 
'■eralities can be offered. As pointed out, sdme patients 
; rescued from SCD are later found to have had an acute 
* Ml. Thus, some of the mortality related to acute infarc- 
l tiori is "buried" within the category of SCD. Of those 
/who are spared this catastrophe, about .10 to 15% 
succumb, usually in a hospital during, the first four 
weeks. An additional 10% die during the first year, 

• ^mostly of recurrent MI or cardiac failure. There is a 
V .continued three- to fourfold excess mortality in subse- 
rvient years, related to recurrent MI and cardiac failure. 
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Figure 13-11. External surface of a heart *th f w thr ^ e * < ?.^"°^ f 
Infarct Dark linear tear (arrow) communicates w.th a rupture of 
anterior free wall of left ventricle. 

Many efforts have been made to lower the inci- 
dence of MI in patients knOwn to already have advanced 
coronary artery disease by reducing the major risk 
factors for coronary atherosclerosis (hypertension, hy- 
percholesterolemia, and cigarette smoking). The results 
to date of these "secondary prevention programs have 
been disappointingly equivocal. However, a very recent 
"primary prevention" study has been completed of men 
not having had any previous acute coronary events. ' 
It was focused only on lowering the hypercholesterole- 
mia when it was above the level of 265 mg per dl of 
blood. Modest restriction in dietary cholesterol intake 
was instituted combined with cholesterol-lowering drugs 
(e.g., cholestyramine) and the incidence of nonfatal and 
fatal Mis was reduced by 20% compared with a carefully 
matched control group. This result is the first striking 
demonstration that the attack rate of MI can be lowered. 

A substantial effort is also being made to improve 
the outlook by reducing or limiting the size of Mis with 
acute interventions. A variety of approaches have been 
used- (1) direct infusion of fibrinolytic agents, e.g., 
streptokinase, into the coronary arteries during the early 
hours after infarction to lyse thrombi; 74 and (2) agents 
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to beneficially effect coronary perfusion, myofiber integ- 
rity, or myocardial metabolism, e.g., hyaluronidase, 
beta blockers, glucose-insulin-potassium, or corticoste- 
roids. 75, 76 A major difficult)' has been proof of reduction 
in infarct size in the living patient Nonetheless, im- 
provement in immediate postinfarction survival has 
been demonstrated. 

The long-term prognosis has also been materially 
improved by regimens to reduce the frequency of SCD 
and recurrent MI in patients during the year or two 
following acute infarction. 77 The many approaches in 
current use can be only briefly mentioned — beta-adren- 
ergic blockage (e.g., propranolol, timolol); calcium- 
channel blockers that, in addition to their negative 
inotropic and chronotropic effects, induce vasodilation 
(e.g., nifedipine, verapamil); anticoagulant therapy; and 
antiplatelet aggregating agents (aspirin, sulfinpyrazone). 
Significant reductions (on the order of 25 to 50%) have 
been achieved in the mortality from SCD and recurrent 
ML 78 Still controversial is the bypass of coronary occlu- 
sions with venous grafts in an attempt to improve 
perfusion and prevent primary or recurrent infarction. 79 
Coronary artery bypass grafts are. subject to progressive 
intimal fibrosis, occasional thrombosis, and even ath- 
erosclerosis, but at least 60 to 80% remain patent for 
five or more years. It is clear that patients with ischemic 
heart disease are victims of an all-too-common and all- 
tbb-fatal disease, but at the same time the beneficiaries 
of intensive efforts to. improve their outlook. 



CHRONIC ISCHEMIC HEART DISEASE (CIHD) 

SloWi progressive atherosclerotic encroachment oh 
the blood supply to the myocardium may induce the, 
insidious onset of CHF in the elderly. Frequently, orie 
or more Mis have punctuated this course^ This pattern 
of IHD is characterized anatomically by diffuse myocar- 
dial atrophy, loss of myocardial cells (singly and in 
clusters), diffuse myocardial fibrosis^ and sometimes one 
or more large areas of scarring from past episodes of 
infarction. In the past, this entity has been known by a 
variety of terms— "aging* heart disease, atherosclerotic 
heart disease, and ischemic cardiomyopathy — but all 
are unsatisfactory. It is not the inevitable consequence 
of advancing- years. The term "atherosclerotic heart 
disease" logically would also include acute infarction 
and AP. Cardiomyopathies, by definition, exclude myo- 
cardial damage related to coronary atherosclerosis, so 
the term CIHD is currently favored. 

Chronic ischemic heart disease is a majcfl\;pause of 
cardiac failure arid death. It is responsible for about 
40% of the mortality related to IHD, and in 1979 caused 
almost 250,000 deaths in the United States. In this 
absence of attacks of AP or acute infarction, this condi- 
tion may remain entirely unsuspected until skrw, pro- 
gressive cardiac decompensation appears. There is an 
unfortunate tendency to ascribe cardiac failure to CIHD 
when other causes for heart failure cannot be identified. 
It is a distinctive form of cardiac involvement, having 
well-defined morphologic changes. 



The heart in this condition may be normal, smaller than 
normal in size, or even hypertrophied. The pericardial sur- 
face is unaffected, but there may be some atrophy 0 *f 
subepicardial fat commensurate with the loss of subcuta- 
neous adipose tissues encountered in very aged individuals 
Almost invariably, there is moderate-to-severe stenosinri 
atherosclerosis of the coronary arteries. There may even be 
foci of total occlusion, possibly resulting from organized 
thrombi. The myocardium is often browner than usual or 
may be of normal color. Scars may be grossly visible, but 
typically they are not more than 0.5 to 1.0 cm in diameter, 
almost always confined to the left ventricle. Occasionally 
there is an obvious well-healed infarct. The left ventricle is 
usually dilated. The left ventricular wall will vary in thickness, 
depending on the duration of failure and the extent of the 
myocardial adaptive changes. The mural endocardium is 
generally unremarkable, but there is often slight fibrous 
thickening of the valves of the left side of the heart sufficient 
to make the leaflets lose their normal translucence. The 
chordae tendineae of the mitral valve may be comparably 
thickened but are not fused or significantly shortened, as is 
characteristic of healed rheumatic heart disease. Heavy 
calcification of the mitral annulus behind the valve leaflets 
and piled-up masses of calcium within the sinuses of the 
aortic leaflets may both be present, but these valvular 
changes are accompaniments of the aging process and are 
hot clearly related to ischemic injury. 

The major microscopic findings are myocardial atrophy, 
myocytolysis of single cells or clusters of cells, and diffuse 
small scars, particularly about vessels (Fig. 13-12). 80 The 
overall decrease in size of the myocardial cells is difficult to 
appreciate but is made most apparent by a subtle, intercel- 
lular fibrosis and the increase in yellow-brown perinuclear 
lipofuscin — "aging" — pigment. Some myofibers may be en- 




Figure 13-12. Patchy fibrous scarring principally about blood ves- 
sels of myocardium in CIHD. 
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iorned owing to compensatory hypertrophy. Myocytolysis 
,ith resorption of sarcoplasm creates clear cytoplasmic large 
ariloles or empty sarcoiemmal sheaths: Collapse of the 
V mntv sheaths contributes to the appearance of the diffuse 
fhrhsis Large, healed myocardial scars may be present as 
hp result of earlier episodes of acute infarction. It is the 
incurrence of atheroscler tic narrowing f th coro- 
ha?/ arteries, spotty myocytolysis, diffuse and small 
myocardial scars, and the changes of cell atrophy that 
delineates the diagnosis of CIHD. 32 

CLINICAL COURSE. This form of heart disease is 
completely asymptomatic until its presence becomes 
manifest by the insidious appearance of cardiac decom- 
pensation, as the cardiac reserve is depleted fiber by 
fiber. Often it is discovered only as an incidental finding 
at autopsy. Some patients, however, have had attacks 
of angina or remote episodes of Mis. Occasionally the 
onset of congestive failure is more sudden and follows 
a precipitating illness such as pneumonia or some other 
form of debilitating disease. Failure, when it becomes 
manifest, is initially left-sided but ultimately leads to 
right-sided cardiac decompensation as well. 

The clinical diagnosis of CIHD is made largely by 
the insidious onset of failure in patients who have had 
past episodes of MI or anginal attacks. In the absence 
of such evidence of severe coronary atherosclerosis, the 
diagnosis must rest on the exclusion of other forms of 
cardiac involvement in patients of advanced age. 

... The electrocardiographic changes merely confirm 
diffuse myocardial disease, sometimes with conduction 
bundle-branch blocks. Such murmurs as may be present 
are more likely related to left-sided ventricular dilatation 
with subsequent valvular regurgitation or to concurrent 
but unrelated calcific valvular changes. Generally, the 
congestive failure progresses slowly over the course of 
riiahy years, However, a serious cardiac arrhythmia or 
an infarction may supervene and cause death. Patients 
with this condition may die of entirely unrelated causes 
before the cardiac involvement becomes symptomatic. 
It must be appreciated that in this geriatric group, 
piatients rarely have one disease, and most often the 
manifestations of CIHD are intermixed with those re- 
lated to all the other problems of these "not-so-golden 
years." 

HYPERTENSIVE HEART DISEASE (HHD) 
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The minimal criteria for the diagnosis of HHD are 
(1) left ventricular hypertrophy in the aksgnce of other 
cardiovascular pathology that might reasonably induce 
it and (2) a history of hypertension. Straightforward as 
this may sound, there are complexities. Hypertension 
strongly predisposes to atherosclerosis, and so most 
patients with elevated blood pressure have significant 
coronary atherosclerosis. It is difficult then, if not im- 
possible, to segregate the contributions of ischemic 
injury with compensatory hypertrophy from those of 
hypertension in the induction of the cardiac enlarge- 
ment. Equally bothersome is the concurrence of hyper- 
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tension and some other form of heart disease in an 
individual with cardiac enlargement. By definition, the 
•diagnosis of HHD cannot be made when there is some 
other cause for hypertrophy, such as aortic valvular 
stenosis, yet the hypertension may have contributed 
significantly to the hypertrophy and cardiac failure. 
Another problem, the definition of hypertension, is 
better left to clinicians and statisticians. Suffice it to 
note that the World Health Organization has designated 
160/95 mm Hg as the dividing line, but these levels 
may be too high. In the Framingham Study, subjects 
having blood pressure readings between 140/9Q and 160/ 
.95 had twice as much cardiovascular disease over the 
subsequent 18 years as the control group. 81 

Complexities notwithstanding, HHD is today the 
second most common cause of cardiac death, albeit 
totally overshadowed by IHD. In the United States in 
1978 it caused about 7000 deaths. However, it should 
be noted that hypertension-accelerated coronary athe- 
rosclerosis contributes significantly to many of these 
deaths. About 30- to. 50% of untreated hypertensives die 
of heart disease, arid the remainder of stroke, hyperten- 
sive renovascular disease, and vascular complications 
(e.g., atherosclerotic aneurysms); in descending order. 
The mortality from hypertension and HHD over the 
past decades has declined in the U.S., and more among 
whites than among blacks. Much of this decline can 
reasonably be attributed to improved case finding and 
treatment of hypertension, but it is of interest that the 
decline began before effective methods of antihyperten- 
sive therapy came into wide use. Nonetheless, hyper- 
tension remains a major health problem. In the mid- 
1970s it was estimated that about 50% of blacks and 
35% of whites in tKe U.S. over the^age of^55 had a - 
systolic blood pressure of at least 160 of diastolic pres- 
sure of at least 95. 

PATHOGENESIS. The etiology and pathogenesis of 
hypertension are considered on page 1041. Here we are 
concerned with its effect on the heart. The blood 
pressure level is governed by the cardiac volume output 
and outflow resistance. The major components of the 
latter are peripheral arteriolar resistance, compliance of 
the large arteries, and the viscosity and inertia of the 
blood, all of which create resistance to the systolic 
ejection of blood from the left ventricle. High blood 
pressure places a so-called pressure overload on the left 
ventricle (much like aortic stenosis; aortic regurgitation, 
by contrast, imposes a volume overload). It does so 
largely by increasing the resistance to left ventricular 
outflow, mostly by widespread arteriolar vasoconstric- 
tion; 82 hence, the effectiveness of vasodilators in the 
reduction of elevated blood pressure. Once initiated, 
the increased blood pressure tends to rise progressively. 
Hypertension accelerates the development of athero- 
sclerosis, reducing large vessel compliance, and induces 
thickening of the walls of small arteries and arterioles 
(see arteriosclerosis, p. 518). The vascular disease in 
tuni increases peripheral resistance and viscosity-related 
frictional drag. The heart, then, must maintain a normal 
cardiac output against this increased peripheral resis- 



